Abstract -The Bane d'Arguin in Mauritania, West Africa, is an area of tidal flats and shallow inshore waters bordering the sandy desert of the Sahara. The project Bane d 'Arguin 1985'Arguin -1986 investigated predominantly benthic biomass and production, the same data allow investigation of the species diversity and the distribution of the tidal flat fauna of the Bane d'Arguin. We sieved and analysed 410 core samples (diameter 10 cm) from 82 locations with 0.6 mm mesh size. A total of 111 taxa were identified. Polychaeta were most diverse with 42 species belonging to 20 families. Other large species groups were Gastropoda (20 species, 14 families), Amphipoda (14 taxa, 8 families) and Bivalvia (15 species, 10 families). Densities ranged from 152 to 5635 ind. mm2, with an average of 1404 ind. mm2. Six taxa accounted for more than half of the total density, H' values were generally low with values ranging from 0 to 2.78 nats. Low evenness values indicated a high degree of dominance. The total density was independent of any sediment characteristic, probably because of the large range of species. Densities of dominant species did show a correlation with sediment size. A fraction of the individuals could have been lost with our use of a 0.6 mm sieve. Many species occurred only at a few stations. An explanation for this could be that stations are dominated by different species, while the diversity within a station is relatively low. The occurrence of opportunistic species supports this explanation. The Bane d'Arguin is a reversed estuary, and the stress caused by high temperatures and salinity could result in opportunistic assemblages. The (theoretical) high turnover rate of these opportunistic assemblages could be the key to the importance of the Bane d'Arguin for wintering shorebirds. 0 Elsevier, Paris / Ifremer / Cnrs / Ird Bane d'Arguin I benthos I diversity I shorebirds RCsum6 -Richesse spkifique et rdpartition de la faune benthique du Bane d'Arguin, Mauritanie. Le Bane d'Arguin, a l'ouest de l'Afrique, est une region de vasieres et d'eaux littorales peu profondes en bordure des sables desertiques du Sahara. Le programme Bum d'Arguin 198.5-1986 avait pour theme la biomasse benthique et la production, la diversite! specifique et la repartition de la faune dans la zone des ma&es du Bane d' Arguin. Des pr&vements, au nombre de 410 (diambtre 10 cm) ont tte effectuts en 82 stations, filtres (maille 0,6 mm) puis analyses. Au total, 111 taxons ont Cte identifies. Les polychttes presentent la plus grande diversitt avec 42 espbces appartenant a 20 familles. Viennent ensuite les gastropodes (20 especes, 14 familles), les amphipodes (14 taxons, 8 familles) et les bivalves (15 esptces, 10 familles). La gamme des densites s'etend de 152 a 5635 individus par metre car&, avec une moyenne de 1404 individus par m&e can-e. Plus de la moitie de cette densite est due a six taxons. Les valeurs de H, sont generalement faibles, de zero a 2,78 nats. La faible regularite traduit un fort degre de dominance. La densite totale n'est like a aucune caract&istique du sediment, probablement en raison du grand nombre d'especes. Les densites des especes dominantes sont co&lees a la granulometrie du sediment. Une partie des individus a probablement Cte perdue dans la filtration sur maille de 0,6 mm. Plusieurs especes apparaissent seulement en quelques stations, peutdtre parce que les stations sont dominees par des esp&ces differentes et la 
Altenburg et al. [4] collected some data on the benthic macrofauna of the tidal flats, being the food of the wintering waders. They found, contrary to expectation, that the benthic biomass at the tidal flats of the Bane d'Arguin in February 1980 amounted to 7.6 g m-2 of ash-free dry mass (AFDM) only. Hence, over two million waders appeared to be dependent on a relatively small benthic biomass occurring in a relatively small tidal flat area of just over 500 km2. Compared to NW European estuaries, the Bane d'Arguin seems to be very poor in food relative to its large numbers of birds [32] .
The project Bane d'Arguin 1985-1986 was carried out to investigate this peculiar situation in more detail. A detailed report on the ornithological research was carried out in 1985-1986 by Ens et al. [lO] .'The data on benthic biomass and production have been reported by Wolff et al. [29, 281 . The same data, however, allow investigation of the species diversity and the distribution of the tidal flat fauna of the Bane d'Arguin. This paper attempts to summarize these data.
MATERIALS AND METHODS
Geographical data were derived from the maps published by Altenburg et al. [4] -and a LANDSAT-4 MSS image recorded on 29 September 1984. They were checked using oblique aerial full colour photographs of a part of the tidal flat area and ground truth obtained at about 130 sites chosen at random at the tidal flats in February-April ST. JEAN 1986. Low tide at Iouik on 29 September 1984 occurred at 9.26 am local time; the satellite passed over this area at about 10.40 am local time. This was two days after equi-noctial spring tide with extremely high tide levels. The data were processed by the PIXYS Remote Sensing and Image Processing System of the Netherlands' Institute for Forestry and Nature Research at Arnhem. The data were geometrically corrected with line resampling (factor 1.404). A general map of the intertidal zone at low tide was based on functions of the red (R) and infrared (IR) reflectance. Differences in IR allowed the distinction between dry land, sebkhas (barren salt flats), sandy tidal flats, muddy tidal flats, and water. The occurrence of seagrass beds, marshes, and mangroves has been mapped using a vegetation index (VI) calculated as VI = arctan (IR/R) which ranges from 0 (IR = 0; R > 0) to 90 (IR > 0; R = 0). The same data have been used to compute the areas (number * size of pixels) of the various types of habitats distinguished.
The sampling stations have been chosen at random. On a 1: 170 000 map of the tidal flat area based on satellite imagery arbitrary horizontal and vertical co-ordinates were drawn at distances of 1 mm. Sampling stations were determined by choosing co-ordinates from a table of random numbers. Over 200 stations were thus selected, but in practice only 82 stations were sampled (figure I). The remainder either appeared not to be situated in the intertidal zone, or were difficult to visit due to restrictions on transportation by the authorities of the Part National du Bane d'llrguin. The stations sampled cover the subareas investigated completely, no stations in these areas have been omitted. Our subareas differ slightly from those used in Wolff et al. [28] but are geographically more straightforward (figure 1).
Nearly all the stations sampled were visited by boat. Navigating on landmarks and the topography of the tidal flats, the stations were approached as close as possible. Before the boat was left the number of paces to the station was estimated and this distance was walked over the flats. At the sampling station the very large bivalve Anadara senilis was sampled by hand using ranked sets sampling by means of 0.25 m* quadrates [29] . When A. senilis did occur in the core samples it was neglected. All other species were sampled with a corer of 10 cm internal diameter which was pushed into the sediment to a depth of about 40-45 cm. At each station five core samples were randomly taken. The cores were sieved through a sieve with a mesh width of 0.6 mm (except for the samples from two stations with coarse sediment: 1 mm) and put into polythene bags. All samples were sorted while still alive in our 'laboratory' tent. All species were preserved in seawater with about 5 % buffered formalin. Identification was carried out at the laboratory of the Institute for Forestry and Nature Research at Texel, The Netherlands, for all taxonomic groups except for crustaceans. Species from the latter group were identified at the Institute of Taxonomic Zoology of the University of Amsterdam because of the large number of rare and undescribed species. Some large and/or very mobile species did not turn up in our core samples, for instance the decapod crustaceans Uca tangeri and Callinectes rizarginatus, and the gastropod molluscs Cymbium cymbium, Conus pulcher papilionaceus, and Semifusus morio.
At each sampling station the following data were noted: geographical position, tidal level, nature of the sediment, occurrence of macrophytes, occurrence of all macrofauna species recognisable in the field, and any peculiarities. Also a sediment sample was taken and analysed in the Netherlands for grain-size distribution, organic matter content, calcium carbonate content, and pH. Salinity and water temperatures were only determined in the main tidal channels, not at the sampling stations.
Subsamples were pooled for each station to calculate the Shannon Weaver diversity index (H') and evenness (J') using natural log as base [31] . Prior to univariate analysis of macrofauna distribution the parameters or their inverses were normalized using the log transformation. If the distribution was still irregular after transformation the Spearman Rank correlation coefficient (SR) was used instead of the Pearson product moment correlation coefficient (P).
The data were also subjected to cluster analysis, a multivariate statistical tool that provides an objective way to discriminate between groups of datasets [ 111. Field et al. [ll] adopted the Bray-Curtis measure [6] , which was originally used in plant ecology, for use in marine research. We transformed the data, consisting of the numbers of individuals per taxon per station, with the double root transformation [Yij=d(d(Xij)] to scale down the scores of abundant species [ 1 I]. We used the Bray-Curtis measure as a dissimilarity measure, with unweighted pair-group average as linkage method, as recommended by Field et al. [ 111. Species that occurred at only one or two stations were excluded from the analysis. An important disadvantage of clustering is that linkage is irreversible, so a second method to display similarities without irreversible linkage has been used [ll] . The additional method used is nonmetric Multi Dimensional Scaling (MDS) [7, 131 . The values of the dimensions in MDS were checked for correlation with habitat and fauna parameters. For all our calculations we used the Statistica package [23] in combination with Microsoft Excel. 
Meteorology
Adjacent to the Sahara desert, mean air temperatures at the Bane d'Arguin range from 20-30 "C. Winds are mostly from northern directions with moderate force (4-5 Beaufort). At night temperatures can be lower, around 15 "C. A rapid increase in temperature can occur when wind blows from the Sahara [21] . Precipitation during our stay in 1985 and 1986 was negligible with 0.2 and 0.1 mm, respectively. However, thunderstorms occur at irregular intervals, sometimes several years apart. In September and October 1988 we measured 24 mm as the result of five thunderstorms (Klaassen and Zwarts, unpubl. data). More detailed information on the meteorology of the Bane d'Arguin is given by Smit et al. [21] and Wolff and Smit [301.
Soils and sediments
The larger part of the Bane d'Arguin area consists of soft sediments. Only locally rocky outcrops occur, predominantly at and in the vicinity of capes and headlands. Scattered over the tidal flats concentrations of stones occur, but the area covered by these is very small. At the tidal flats sandy and muddy areas alternate. In general the areas covered with seagrass are muddy, whereas unvegetated areas are sandy. Sandy areas occur especially in places where the tidal currents enter and leave large tidal flat areas. Also at the highest tidal levels, where due to a large fetch of the wind at high tide, larger waves reach the shore, sandy areas are found. The sebkhas, situated above high tide level, are in general sandy, as are the adjacent parts of the desert. Table I in Wolff et al. [28] shows some characteristics of the sediment in different liabitats. [30] ). This is about 100 km2 less than recorded by Altenburg et al. [4] . This difference is mainly caused by a different evaluation of the situation in the Baie de St. Jean. Wolff and Smit [30] found nearly exclusively subtidal flats whereas Altenburg et al. [4] recorded vast areas of intertidal flats.
4. RESULTS
Benthic fauna
Of the 82 stations sampled, 10 could be characterized as sebkhas, salt flats mostly situated above high tide level.
No marine animals were encountered there, therefore these stations are excluded from our further analysis. From our samples and in the field we identified a total of 111 taxa. Some specimens could not be identified to species level, but were identified as far as possible. Six taxa, the polychaetes C. capitata, Euclymene oerstedii and Naineris laevigata, the bivalve Loripes lacteus, the gastropod Hydrobia ulvae and the isopod family Anthuridae accounted for more than half of the total density. Table I displays the densities of the major taxa at the Bane d'Arguin. differences between clusters were very small (p c 0.01 or 0.05). A MANOVA was used because of the unequal intercorrelation between the parameters, which could result in unequal variances [31] .
A plot of number of MDS dimensions against stress, indicated that probably two but not more than three dimensions should be used [13] . Zostera noltii, Halodule wrightii, and Cymodocea nodosa. Of these Z. noltii is by far the most common species at the tidal flats. Especially on the more seaward flats where it forms a dense monospecific cover. H. wrightii occurs more sporadically, but in some places it is the only species present. C. nodosa is largely restricted to places covered with water at all times. Such places are pools and small creeks at the flats, the larger tidal channels in between the flats and the sublittoral areas of the Bane d'Arguin. Most tidal flats covered with seagrass beds are interspersed with 5 to 25 m wide pools with a depth between 0.2 and 1.0 m.
In some places, especially near the islands of Nair and Niroumi, the cord grass Spartina maritima occurs in extensive monospecific vegetations or mixed with Z. noltii at the tidal flats. The S. maritima beds cover perhaps 25 km* at the Bane d'Arguin. Vegetations of stunted mangroves (Avicennia africana) occur near Cap Timiris and at the northern tip of the island of Tidra covering approximately 5 km*. Benthic macro-algae occur also on the tidal flats, but were never observed to be dominant. On sandy flats a brown colouring, most likely due to benthic diatoms, was observed.
DISCUSSION
The number of species encountered in our samples is in the same range as numbers of species encountered in other tropical tidal flat areas, although the number of species encountered elsewhere is highly variable. The approximate range is from 30 to 200 species [2, 8, 14, 25, 261 . The high number of species can be partly explained by the occurrence of a variety of habitats, differing in sediment, salinity or seagrass-coverage, each habitat occupied by different species. This has been described in other systems [ 121. Our values for H' indicate a moderately high diversity in the area. Because H' values depend on the sample regime and the log-base used, a comparison with other studies is often inappropriate [27] . Although the Bane d'Arguin is rich in species these species are unevenly distributed, over a third of the species (35) occurred only in one or two subsamples. This apparent contradiction can be explained by a dominance of each station by different species, resulting in a diverse outlook for the entire (sub)area.
In our samples, opportunistic species (Capitellu cupitata; Heteromastus jiliformis; Naineris laevigata) occur locally in high densities. Although opportunistic specie do not reach high densities in all subareas, they do occur in all subareas. A single station in a subarea might have circumstances ideally suited for opportunistic species, resulting in a relatively high overall density in that area. This is enhanced by the small size and high densities typical of opportunistic species. Poor nutritional value of mangrove or seagrass litter and physical disturbance may contribute in retaining pioneering assemblages 13 1. The occurrence of opportunistic infauna in this study refers to an environment with a considerable amount of stress or disturbance. where 'pollution-indicator' species can also occur 191.
The clusters from our analysis are heterogeneously distributed over the subareas. Although the clusters differed significantly on most occasions when considering diversity and sediment features, they did not consist of stations with only a certain sediment type or vegetation (table l/r), but were very variable. An additional problem is that in cluster analysis clusters are linked irreversibly, so dendrograms tend to overemphasize discontinuities and may force a graded series into distinct classes [ll I. This makes cluster analysis unable to identify clear patterns in distribution. The distance at which clusters are separated in our analysis is quite high, which also indicates that the stations within these clusters are not very similar.
In the MDS ordination only a few outlying stations and clusters (circled in figure 3 ) were clearly separated from the rest of the stations. The rest of the stations appear close together in the centre of the ordination. The stations of the clusters are more or less grouped, but there is considerable variation. The high stress value and the scree plot indicate that a three-dimensional MDS might have given better results [7, 13) . This plot resulted, however, in similar ordinations as the 2D MDS, so these results are not displayed. The combination of multivariate tools used in this study was unable to identify clear distinctions between groups of stations, except for cluster 1 and the single station clusters. This is contra intuitive to the observation that there are large variations between stations. However, for grouping some stations need to be more similar, and thus the lack of grouping indicates that there is indeed a considerable variation between these stations.
Although the dimensions calculated in the MDS are arbitrary, correlations to habitat characteristics and diversity can serve as an indication of which the parameters are important in the distribution of stations in this ordination and thus in the distribution of macrofauna (analogous to [5] who used correspondence analysis). The low correlation coefficients in table IV indicate that there is a large amount of unexplained variation. The most important variables are related to sediment and diversity.
The total density was not correlated to any sediment characteristic. Densities of dominant species (table  V) did show significant correlations with sediment characteristics. The different directions of the correlations of dominant species and sediment characteristics are probably the reason why total density is not significantly correlated. Densities of Anthuridae, L. lacteus, H. filifomis and N. laevigata were positively correlated to finer sediment and organic content, while C. capitata and E. oerstedii were negatively correlated to finer sediment and organic content. For C. capitata this is peculiar, because C. capitata requires organic enriched sediment for normal reproduction [24] and is normally correlated with high silt and organic matter content [l] . However C. capitata is not limited to stations with low organic contents at the Bane d'Arguin. A possible explanation could be that the organic matter is unavailable for fauna, or poorly suited as food, although this does not explain why a species with similar ecology (H. filiformis) is positively correlated to organic content. The ecology of the other species is not well studied. Correlations of densities and the MDS dimensions agree with each other in the sense that the same parameters are deemed important.
Salinity could have a very distinct influence on species distribution, but should be measured alongside species distribution [ 171. In our data, the diversity of the macrofauna is least where the highest salinity values are likely to occur, which indicates that salinity is a contributing factor in the distribution of macrofauna at the Bane d'Arguin. More and more direct information is needed regarding the influence of salinity in determining the distribution of macrofauna at the Bane d'Arguin.
As pointed out earlier [28] , the use of 0.6 mm sieves could imply that a fraction of the total individuals might be lost. Schlacher and Woolridge [16] found that in their samples only 55 % of the individuals were retained on a 0.5 mm sieve. It is difficult to assess the size of the fraction that might be lost. Apart from the sieve size, the lost fraction depends also on sediment size and the size distribution of the population sampled. Since body size of encountered organisms is a poor estimate of their retention on a particular mesh size, no attempt was made to correct for a lost fraction [18] . The sieve sizes 0.5 (0.6) and 1 mm are widely used in macrofauna research, making our results comparable with other studies (see [2] for a review).
It is difficult to compare our results directly with other studies. Studies of tropical estuaries are rare and generally consider those estuaries with fresh-to salt water gradients. The situation at the Bane d'Arguin is quite uncommon. Although similar reversed estuaries do occur, often more attention is given to their hydrodynamics than their fauna1 composition [22] . The present study can serve as a framework for other studies of the ecology of benthic infauna in reversed estuaries. The densities of the present study (152 to 5635 ind. mm2, average 1405 ind. me2) are at the lower end of the range reported in other studies of tropical tidal flats [14, 251 . This is consistent with the finding of a relatively low biomass on the Bane d'Arguin [28] . In our study we find that the Bane d'Arguin is dominated by opportunistic species, the (theoretical) high turnover rate of these opportunistic assemblages could be the key to the importance of the Bane d'Arguin for wintering shorebirds.
